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Monday, March 7, 2011 307aand experimentally. We show how the flexible body and the flexible hook
connecting the helical flagellum and body may act together to generate the
circular trajectories, and use modeling to show the range of curvatures al-
lowed and compare this range to experiments. Finally, we discuss the im-
plications of such circular trajectories in allowing monotrichous bacteria
to undergo chemotaxis and interact with one another to aggregate.
1663-Pos Board B573
Effect of Nuclear Stiffness on Cell Translation In Vivo
Takamasa Harada, Dennis Discher.
Cell nucleus is the largest organelle and its stiffness is known to play an
important role for cell migration in tissue. In this study, the effect of nu-
clear plasticity on cell translation is explored by controlling the cell stiff-
ness by knocking down Lamin A/C, which is a major component of
nuclear lamina, using RNA interference. After Lamin A/C is successfully
down-regulated in A549 lung carcinoma cells, which are genetically mod-
ified to express far red fluorescent protein tdTomato, those cells are injected
in NOD/SCID mice to investigate tumor progression and spreading of the
cells in vivo by observation with Xenogen imaging system. Observation
of tumor cell spreading in harvested tissues utilizing fluorescent microscopy
is also done. This study qualitatively and quantitatively shows efficient
spreading and proliferation of Lamin A/C down-regulated cells in compar-
ison with control cells.
1664-Pos Board B574
Filament Depolymerization can Explain Chromosome Pulling During Bac-
terial Mitosis
Edward J. Banigan, Michael A. Gelbart, Zemer Gitai, Andrea J. Liu,
Ned S. Wingreen.
Reliable chromosome segregation is crucial to all dividing cells, but the
force-generating mechanisms underlying chromosome translocation in bac-
teria remain mysterious. Caulobacter crescentus utilizes a depolymeriza-
tion-driven process in which a ParA protein structure grows from the
new cell pole and binds to a ParB-decorated chromosome, and then retracts
via disassembly, thus pulling the chromosome across the cell. This poses
the question of how a depolymerizing structure can continuously and ro-
bustly exert forces as it is disassembled by the chromosome that it pulls.
ParA binds to ParB, a protein that binds to the chromosome near the origin
of replication (ori). ParB then disassembles ParA, and the ParB-decorated
ori translocates across the cell as ParA retracts. In order to address the
question of how depolymerization-driven motility can be sustained in
steady-state and be robust to perturbations, we perform Brownian dynamics
simulations of this system. We find that the interaction between ParB and
ParA generates a steady-state ParA concentration gradient so that the con-
centration of ParA is higher in front of the chromosome than behind it. This
suggests that the mechanism of translocation is "self-diffusiophoretic";
since the chromosome is attracted to ParA via ParB, it moves up the
ParA concentration gradient, and thus across the cell. In addition, we
find that the velocity of translocation is controlled by the product of a char-
acteristic time scale for the chromosome to relax and the rate of disassem-
bly of ParA. As long as this product is small compared to one,
chromosome segregation is robust and proceeds at the speed of ParA disas-
sembly. Our results provide a physical explanation of the mechanism of
depolymerization-driven translocation in bacteria as well as predictions
that can be tested by future experiments.
1665-Pos Board B575
Role of External Constraints on Single Cell Spreading on Microfabricated
Substrates
Benoit Vianay, Jean-Jacques Meister.
Single cell spreading includes cell adhesion on extracellular matrix, mechano-
transduction of external signal and cytoskeleton rearrangement. Involved in
several crucial cellular processes like migration, differentiation or division,
cell spreading is not a simple succession of events. Indeed, cellular elements
involved during cell adhesion are also sensors that activate or inhibit signaling
pathways. The actin cytoskeleton and adhesive site formations are continuously
the results of protein assemblies and disassemblies influenced by signaling
cross-talks. Integrins, the first signaling actor during adhesion, lead to the reor-
ganization of the cell cytoskeleton and also the extra cellular matrix through
actomyosin complexes which exert forces by contraction. The understanding
of the whole spreading process remains difficult due to the complexity of the
cellular response.Micropatterning techniques are efficiently used to control and constraint cells
spreading to specify and analyze their behaviors. The reproducibility of cyto-
skeleton and adhesive site organizations on micropatterned substrates reduces
biological dispersion and allows to obtain statistical spatiotemporal measure-
ments. Investigations on relevant cell adhesion actors through experimental
measurements and modeling should point out links among them. The outcome
of this work is to study relationships between cell spreading behaviors and ex-
tracellular matrix properties by monitoring precisely cytoskeleton and adhesive
sites organizations.
We choose to simplify the cell environment by reducing the extracellular
matrix to microfabricated substrates covered by a specified type of adhesi-
ve proteins. We thus apply two different external constraints: the geometry
controlled by the adhesive pattern and the extracellular matrix bio-
chemistry controlled by the type of protein functionalized on the substrate.
Cell adhesion behaviors are therefore statistically quantified to study
cellular mechanotransduction dependencies on controllable environmental
conditions.
1666-Pos Board B576
Nonequilibrium Mechanics of the Mitotic Spindle Measured in Living
Cells
Maria Kilfoil.
To carry out its life cycle and produce viable progeny through cell division,
a cell must successfully coordinate and execute a number of complex non-
equilibrium processes with high fidelity, in an environment dominated by
thermal noise. One important example of such a process is the assembly
of and maintenance of tension across the mitotic spindle, a nonequilibrium
composite material including polymers and motor proteins that is responsi-
ble for organizing and separating the genetic material during cell division.
The intrinsic microtubule dynamics and different motor proteins provide
the forcing required for this dynamic process. We use high-resolution
fluorescence confocal microscopy to observe and analyze the real space dy-
namics of the mitotic spindle in budding yeast and Drosophila melanogaster
S2 cells. Centrosome trajectories are reconstructed from the three-
dimensional fluorescence
data and quantified in a co-
ordinate system relevant to
the cell division using
specially-developed image
analysis methods. The
roles of specific motor
proteins are isolated by al-
tering their functionality
through genetic and chem-
ical means using a microfluidic device. We use the fluctuations in pre-
anaphase centrosome positions to show how nonequilibrium motor
activity controls the mechanical properties of an in vivo cytoskeletal
network.
1667-Pos Board B577
Cell Edge Dynamics During Polarization
Mark E. Ambu¨hl, Charles Brepsant, Jean-Jacques Meister, Ivo F. Sbalzarini,
Alexander Verkhovsky.
Upon contact with a flat substrate, most eukaryotic cells first attach and
spread radially, then break symmetry and start directed migration, a phe-
nomenon known as polarization. We analyzed the dynamics of the cell
edge during polarization using the model system of fish epidermal kerato-
cytes, which exhibit consistent polarization and a simple, constant shape
during migration. We have developed an automatic method based on a level
set formalism to perform accurate cell edge segmentation from phase-
contrast images and to obtain protrusion/retraction maps with high
accuracy and resolution in space and time. Analysis of the resulting protru-
sion/retraction maps demonstrated that polarization was often preceded by
a transient oscillatory state in which relatively large protruding regions
were separated by retracting regions that traveled around the cell periphery
as rotating ‘‘blades’’ or waves. Depending on cell size, three to five of
these ‘‘blades’’ were observed per cell during the oscillatory phase. Con-
vergence of the ‘‘blades’’ eventually led to a polarized state with only
one blade (protrusion and retraction were hence segregated to opposite
sides of the cell). We have extracted the parameters of the oscillations,
such as wavelength, period, and propagation velocity, and characterized
the dynamics of cell area, as well as perimeter and edge velocity during
polarization. In order to investigate how the protrusion/retraction switch
308a Monday, March 7, 2011at the tip of the ‘‘blade’’ was operated, we analyzed actin dynamics and the
traction force pattern on elastic substrates. The obtained quantitative data
will be used to develop a biophysical model of the convergence of cell
edge oscillations into a polarized state. This work was supported by an
NCCBI interdisciplinary PhD fellowship.
1668-Pos Board B578
Cyto-Mechanics of Microtubular Buckling and Centering of Centrosome
Gaurav Misra, Anthony J.C. Ladd, Tanmay P. Lele, Robert Russel, Jun Wu,
Richard B. Dickinson.
Despite being fundamental to the understanding of several cellular pro-
cesses, cytoskeletal mechanics is poorly understood primarily due to the
multi-scale physical and chemical complexity of cells. Positioning of the
centrosome is central to cytoskeletal organization and basic processes like
migration and division. In patterned cells, the centrosome localizes at the
geometric center of the pattern through an unknown mechanism. While it
is known that the microtubules (MTs) growing out from the
centrosome mediate the forces acting on it, whether the forces on the
centrosome are compressive or tensile is not established. On one hand,
MTs impinging against the cell membrane are thought to center the centro-
some through pushing forces. On the other hand, cortex-bound dynein
motors are implicated to render centering through pulling forces on the
MTs. As theoretical support for the latter mechanism, we have developed
a computational model for the dynamics of the microtubular aster coupled
with a model for the dynein motors, which are assumed to be tethered to the
cortex at the light-chain end and pulling on the MTs at the heavy-chain
end. The MTs are modeled as elastic filaments growing stochastically
from the centrosome and exhibiting dynamic instability. Buckling of
MTs in a cell is widely considered as an evidence for existence of compres-
sive forces along the entire length of the MTs, thereby invoking the pushing
mechanism for centrosome centering. However, we demonstrate that
even buckled MTs can be under tension along most of their length and hence
can transmit the pulling forces of the dynein motors to the centrosome. Sim-
ulations show that dynein-generated tensile forces on centrosome-anchored
MTs naturally lead to centering of centrosome. The predicted relaxation
time in positional fluctuations of centrosome agrees quantitatively with
the measured value obtained by tracking centrosome in live cells.Photosynthesis & Photoreceptors
1669-Pos Board B579
Thermal Properties of Rhodopsin: Insight into Molecular Mechanism of
Dim-Light Vision
Jian Liu, Monica Liu, Jennifer Nguyen, Aditi Bhagat, Victoria Mooney,
Elsa C.Y. Yan.
Rhodopsin is one of the best biological light detectors. It detects not only
light spanning 6-order magnitude of intensity, but also single photons.
Here, we investigated the molecular mechanism for the extremely high
quantum yield and low dark noise, which are essential for rhodopsin to
gain photosensitivity and function as dim-light photoreceptor. We hypoth-
esize that an extensive intramolecular hydrogen-bonding network increases
thermal stability to inhibit thermal isomerization of its 11-cis retinal chro-
mophore, which is the origin of dark noise. We previously found that the
rate-determining step of thermal isomerization involves breaking hydrogen
bonds. Here, we further tested the hypothesis by perturbing the H-bonding
network at the retinal-binding site using two mutations: E181Q and
S186A. We expressed and purified the mutants and measured their rates
of thermal decay, thermal isomerization, and hydrolysis of the Schiff
base. We found that all the rates become 1-2 orders of magnitude faster
in the mutants than in wild type. Moreover, we studied the rate of thermal
isomerization of 11-cis retinal in solution catalyzed by the wild-type (WT)
and mutant opsins. We found that the rate increases by ~20 times in
the presence of WT opsin, confirming that opsin can catalyze retinal isom-
erization in solution. We also found that the rate of the catalytic isomeri-
zation remains roughly the same when the WT opsin is replaced by the
E181Q and S186A mutant opsins. We conclude that an intact hydrogen-
bonding network is essential to stabilize the dark-state rhodopsin to prevent
thermal isomerization to achieve low dark-noise. We speculate that thecatalytic property of opsin protein is due to optimization of the steric
interactions at the active site to pre-determine the trajectory of photo-
induced isomerization and increase the quantum yield for light detection
in rhodopsin.
1670-Pos Board B580
Intrinsic Photoreception and Photokinesis in T Lymphocytes
Gerard P. Ahern, Sandeep Pingle, Bidhan Bandyopadhyay, Barbara Jaruga.
In mammals, photoreception is believed to be restricted to the eye, and there
is little evidence for the existence of non-ocular light detectors. Here we
describe direct photon sensing in T lymphocytes that are highly abundant in
skin. Blue and ultra-violet light selectively activate a Lck kinase-
phospholipase C-gamma1 (PLC-gamma1) signaling pathway that triggers
both Ca2þ mobilization and Ca2þ entry in T cells. The half-maximal Ca2þ
response occurs with ~1017 photons cm2 (480 nm) or within 15 minutes
of visible light (400-700nm, 10 mW cm2). Light-signaling requires an intact
T-cell receptor apparatus and occurs independently of known mammalian
light sensors, cryptochromes and opsins. Further, light triggers the extension
of lamellipodia, and stimulates T cell motility and chemotaxis, with low
and high fluence respectively stimulating and inhibiting T cell motility.
These data provide evidence for photoreception outside the mammalian eye,
and reveal a novel signaling mechanism that may influence T cell function
in the skin.
1671-Pos Board B581
Subpicosecond Excited State Proton Transfer Preceding Isomerization
during the Photorecovery of Photoactive Yellow Protein
Elizabeth C. Carroll, Masato Kumauchi, Wouter D. Hoff, Delmar S. Larsen.
The ultrafast excited-state dynamics underlying the receptor state photorecov-
ery is resolved in the M100A mutant of the photoactive yellow protein (PYP)
from Halorhodospira halophila. The M100A PYP mutant, with its distinctly
slower photocycle than wt PYP, allows isolation of the pB signaling state for
study of the photodynamics of the protonated chromophore cis-p-coumaric
acid. Transient absorption signals indicate a subpicosecond excited-state pro-
ton-transfer reaction in the pB state that results in chromophore deprotonation
prior to the cis-trans isomerization required in the photorecovery dynamics of
the pG state. Two terminal photoproducts are observed, a blue-absorbing spe-
cies presumed to be deprotonated trans-p-coumaric acid and an ultraviolet-
absorbing protonated photoproduct. These two photoproducts are hypothesized
to originate from an equilibrium of open and closed folded forms of the signal-
ing state, I2 and I2’.
1672-Pos Board B582
Photorespiratory and Respiratory Carbon Isotope Fractionation in Leaves
Dianne Pater, Erik Erhardt, David T. Hanson.
The photorespiratory pathway in plants is initiated with the uptake of O2
instead of CO2 by the photosynthetic enzyme Rubisco. This generates
a compound in the leaf that must then be recycled through enzymatic reac-
tions distributed over the leaf chloroplasts, peroxisomes, and mitochondria,
resulting in a net loss of CO2. The pathway was thought to be well under-
stood, but recent studies using mutants lacking expression of the genes cod-
ing for peroxisomal malate dehydrogenase (PMDH) have suggested that
there are additional mechanisms that alter the stoichiometry of photorespir-
atory CO2 release to O2 uptake. Any changes in this stoichiometry will
likely cause a change in the isotopic composition of the CO2 being released
since it would involve additional enzymes or carbon sources. The isotopic
composition of the CO2 being released was measured under both photores-
piratory and non-photorespiratory conditions, as well as under different iso-
topic conditions. Measurements were taken using a tunable diode laser
spectroscopy system, which allows high frequency in vivo gas exchange
measurements of different CO2 isotopologues. Comparing the PIB isotopic
signature of wild type Arabidopsis to that of PMDH mutants, may improve
our understanding of alternate metabolic pathways in plants. The decarbox-
ylation fractionation seen is significantly higher in PMDH mutant plants
relative to wild-type, which can be partially explained by higher rates of
photorespiratory decarboxylation seen in previous studies. The photorespir-
atory fractionation also varied significantly between wild-type and mutant
plants.
